For over 40 years specific structural features of complex carbohydrate components of glycoproteins have been studied as recognition signals for various biochemical and physiological processes in animals and yeast, such as glycoprotein turnover, cell-cell adhesion, cytolysis, and hormone action, as examples (1) . However, roles for oligosaccharides in modulating interactions of pathogens and pests with their hosts have been, to date, a unique feature of plants (2, 3) . Oligosaccharide signals in plants, whether for regulating defense, environmental, or developmental responses, have been cumulatively given the name "oligosaccharins" (2) . The article by Velupillai and Ham (4) (8) .
Other oligosaccharides derived from the cell walls of pathogenic fungi were subsequently isolated and characterized that were also potent signals for activating plant defensive responses (9) . Chitin oligosaccharides (3-1,4-acetyl glucosamine linkages) and chitosan oligosaccharides (.8-1,4-N-acetyl glucosamine linkages), both derived from fungal cell walls, were found to be potent signals for the synthesis of phytoalexins and other defensive chemicals in plant tissues. The release of 3-glucans, chitin, and chitosan oligosaccharides from fungal cell walls is mediated by ,fglucanases and chitinases, present in the host plants (3). These enzymes are usually present at low levels in plants but can be induced to much higher levels in a feedback loop in response to the fungal-cell-wall oligosaccharide fragments.
The full scope and complexity of the signaling processes during the interaction of pathogens and pests with plants is not well understood, but other types of oligosaccharides, such as oligogalacturonides (2, 3) produced from the plant cell wall by enzymes secreted by pathogens, are also known to play key roles in signaling defensive responses against both 1 pathogens and insect pests. Pathogenic fungi commonly release endopectolytic enzymes to loosen the plant cell wall to facilitate infection. The resulting plantcell-wall-derived oligosaccharide fragments, which are produced in mass, can also act as signals to activate defensive responses in nearby cells. Thus, the outermost components of both the attacking fungi and the plant contain oligosaccharide structures that can act as signals to activate the inducible arsenal of defensive chemicals of plants.
Velupillai and Harn (4), in investigating the shift of the lymphoid T-cell response from Thl to Th2 cells that occurs during schistosmiasis, with an interest in other disease states as well, had found earlier that the glycoproteins of the outer envelope of schistosome eggs contain two immunoreactive oligosaccharides, LNFP-III and the nonfucosylated homologue lacto-N-neotetraose. They noted that LNFP-III contained the Lewisx trisaccharide structure, a structure present in ligands of proteins previously associated with lymphocyte function. LNFP-III was investigated as a signal and found to stimulate a B-cell-enriched population of spleen cells to produce large amounts of interleukin 10 and prostaglandin E2, which down-regulate Thl responses, thereby suppressing cell-mediated immunity. The fundamental similarities between the parasite signaling for cytokine regulation strongly suggest that oligosaccharide ligands may operate in other disease states, such as human immunodeficiency virus infections and malignant carcinomas.
The finding of a commonality of defensive strategies within plant-pest and animal-pest interactions involving oligosaccharide signals adds to the expanding list of analogies between plant and animal signaling systems. Only recently the first polypeptide hormone was isolated and characterized from a plant (10) and, similar to animal polypeptide hormones, it was found to be derived from a prohormone precursor (11) . A prostaglandin analog, jasmonic acid, has also been identified recently in plants as a common intracellular signal that regulates synthesis ofa variety of developmental and environmental responses (12, 13) . Whether any or all of these signaling analogies among animals and plants are from convergent or divergent origins is unknown, but the fundamental knowledge learned from these signaling pathways will be important in furthering our understanding of how various plants and animals compete and survive in a hostile world and will perhaps provide additional approaches to several of the world's most pressing medical problems.
